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Liposomes coupled to hormones. 

The present invention relates to the field of drug delivery 
systems and more particularly to targeted drugs encapsulated in 
liposomes coupled to hormones e.g. cytokines. 

Animal cells are characterized by the presence of receptor 
molecules on their membrane surface, which mediate a metabolic 
response of the cells upon binding to their specific ligands. In the 
human body, some of these membrane receptors are expressed by a 
restricted number of cell types and may even be specific for a given 
cell type. If the biological function of a particular cell type is 
prejudicial to the well-being of a patient it may be desirable to 
deliver therapeutic agents for blocking or lysing the unwanted cells. 
Specific targeting is commonly achieved by coupling therapeutic ' 
agents to a receptor-specific ligand. 

In organ transplant surgery, it is necessary to suppress the 
immune system of the graft recipient to minimise the likelihood of 
graft rejection after surgery. Immunosupppressive agents that have 
been used successfully in clinical practice include steroids, ara- 
thioprine and cyclosporin A. It has been also proposed to use 
antibodies to some particular T-cell membrane antigens either alone 
or conjugated to cytotoxic drugs. In a similar manner, immune system 
dysfunctions such as autoimmune diseases which are the direct 
consequence of inappropriate activity of T-cells may be also treated 
with immunosuppressive drugs. 


some other cases, the presence of a particular membrane 
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. receptor on a given cell type may also be correlated vith a malignant 
condition of the cells. Indeed Some membrane receptors known to be 
normally present in small amounts are expressed at a much higher 
density on tumour cells, which may therefore be removed by specific 
targeting of cytotoxic drugs. 

However, many of the above treatments have undesirable side 
effects due to the fact that the cytotoxic effect usually extends 
beyond the particular cell type involved in allograft rejection or in 
causing the disorder. For example, an essential problem arising from 
the use of some known immusuppressive drugs is that the 
immunosuppressive action makes the patient particularly susceptible 
to infection by bacteria or viruses that would be controlled by a 
normal immune system. Another problem more especially associated with 
the delivery of cytotoxic drugs as conjugates vith antibodies is that 
the antibody may not be internalized into the cells. Thus, although 
the toxin-antibody conjugate exhibits specific binding, it fails to 
deliver the toxin to the unwanted cells. As a result of the low 
frequency of internalization, impractically high concentrations of 
toxin-antibody conjugates must be used with corresponding increased 
risk of overall toxicity. 

Thus, there is still a need for providing a therapeutic agent 
•which can block or lyse unwanted cells at a high level of specificity 
and effi cacy . It has been now found that these requirements may be 
achieved by encapsulating a cytotoxic drug into liposomes and linking 
the drug-containing liposomes to hormones. By ..hormone" is meant a 
protein or a peptide which has a cell receptor binding site and which 
is able to induce a metabolic response in the target cell upon 
binding to its receptor. This includes, e.g. endocrine hormones which 
are conveyed ir L vivo by the blood from one organ to another as well 
as paracrine hormones and cytokines which are cell-to-cell mediators. 

Accordingly, the present invention provides liposomes which are 
coupled to a hormone having a biologically active cell receptor 
binding site which is available for interaction with cells bearing 
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the hormone receptor on their membrane surface. The liposomes of the 
invention may.be used as delivery vehicles for targeted delivery of a 

diagnostic or pharmaceutical^ active substance, preferably a 

cytotoxic agent. 

Preferably, the liposomes are coupled to cytokines, e.g. 
lymphokines and monokines such as interleukins 1 to 7, interferons a, 
0 and X, tumour necrosis factors a and 0, T-cell replacing factor, 
macrophage inhibitory factor and colony stimulating factors e.g. 
G-CSF and GM-CSF. A preferred cytokine is IL-2. IL-2 is a naturally 
occurring mitogenic cytokine vith a short half-life produced by 
T-cells within hours of stimulation by antigen. It induces the 
proliferation of activated T-cells upon binding to receptor molecules 
vhich are transiently expressed on the activated T-cell membrane as a 
result of the stimulation by the antigen. 

Recombinant forms of human IL-2 are particularly preferred for 
use in the present invention, especially those which have been 
stabilized by mutation. For example, one or more amino acids may be 
deleted or replaced by other amino acids, to provide modified human 
IL-2 with a longer half-life, for example IL-2 in which the naturally 
occurring cysteine in position 125 has been replaced by serine or 
alanine. Alternatively, shortened forms of the molecule may provide 
useful ligands to be coupled to liposomes so long as the IL-2 
fragment contains a functionally active binding site, i.e. the amino 
acid sequence comprised between residues 20-30 in the natural human 
IL-2. 

It is known that there are two different IL-2 receptors 
designated the low- and high- affinity receptors. The low-affinity 
receptor is expressed both on resting and activated T-cells whereas 
the high-affinity receptor is present only on activated T-cells, in 
small amounts compared to the low-affinity receptor. Most of the 
biological effects of IL-2 are mediated by the high-affinity receptor 
since this receptor is the only one involved in the internalization 
of IL-2. Anti (IL-2 receptor) MAb's have been produced and coupled to 
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cytotox.c drugs for possible therapeutic use e.g. f or preve „ t i ng or 
treating allograft rejection episodes vhich are the result of a 
proliferative burst of activated T-cells induced by IL-2. It was 
anticipated that anti (IL-2 receptor) HAb conjugates could be 
effective in killing activated T-cells without adversely affecting 
the resting T-cells vhich are constantly required for normal immune 
surveillance, e.g. for fighting infections. However, these MAb's 
(usually called anti-TAC MAb's) recognize only the low affinity 
receptor and thus fail to be internalized. 

However, where the IL-2 molecule or an active fragment thereof 
1S used for targeting, binding will be predominantly to the 
high-affinity receptor. Therefore, the advantages of drug-containing 
liposomes coupled to IL-2 over anti-TAC MAb conjugates are- 
internalization of the drug and highly specific targeting of 
activated T-cells. 


Liposomes are closed spherical shell-l ike structures comprising 
a bilayer membrane enclosing an aqueous volume. The primary 
constituents of the bilayer membrane are amphipathic molecules which 
may delude phospholipids of natural or synthetic origin. For use in 
the present invention, the liposomes comprise phospholipids in which 
the hydrophilic group is phosphatidylethanolamine. Preferably, they 
also comprise phospholipids in which the hydrophilic group is 
Phosphalidylcholine. The hydrophobic groups associated with 
Phosphatidylethanolamine or phosphatidylcholine may be a variety of 
saturated and unsaturated fatty acid moieties. Phospholipids 
dispersed in aqueous solution spontaneously form bilayers with the 
hydrocarbon tails directed inward and the polar headgroups outward to 
interact with water. 

Most preferably, the liposomes for use in the present invention 
are partially or totally composed of 'distearoyl phosphatidyl- 
ethanolamine (DSPE) and/or distearoyl phosphatidylcholine (DSPC) in 
various ratios. It is also preferred that a steroid such as 
cholesterol be present in the liposome membrane. Suitable weight 
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- ratios of lipid to steroid may be from 6:1 to 1:1. 

Liposomes may be small unilamellar vesicles (SUV) as veil as 
oligo- or multi-lamellar vesicles (MLV) in an onion-like form in 
which the concentric bilayer membranes are separated from each other 
by a layer of water. Preferably, liposomes for use in the present 
invention are SUVs having an external diameter of from about 30 to 
about 300 nanometers? most preferably SUVs have an external diameter 
of f rom 4 50 to 100 nanometers. 

MLVs may be obtained by simple agitation of a mixture of 
phospholipids. Ultrasonic irradiation (sonication) of these 
structures leads to the formation of SUVs. MLVs and SUVs may be 
produced by a variety of different standard methods as reported, for 
example, in F. Szoka and D. Papahadopoulos, "Liposomes and their uses 
in biology and medicine" Ann. N.Y.Acad. Sci. 308, 1-482, (1978) in 
R.L. Juliano and D. Lay ton, "Liposomes as a drug delivery system" in 
Drug Delivery Systems p. 189-236, Oxford University Press, Inc., New 
York (1980) or in H.J. Paznanstey and R.L. Juliano, "Biological 
approaches to the controlled delivery of drugs: A critical review" in 
Pharmacological Review 36:277-336 (1984). 

✓ 

It will be appreciated by those skilled in the art that drug, 
containing liposomes may be simply prepared by adding the drug to the 
lipid mixture used for the preparation of liposomes as above 
described so that the drug be passively encapsulated. 

By the term "liposomes" or "SUVs" is meant hereinafter empty 
liposomes or SUVs as well as drug-containing liposomes or SUVs. 

Cytotoxic drugs for encapsulation into liposomes include any 
compound able to block or disturb the metabolic activity of cells, 
e.g. which adversely interfere with the replication of DNA or protain 
synthesis. Preferred cytotoxic drugs are mitomycin C, daunorubicin, 
doxorubicin, cis-platinium, 6-mercaptopurine, mephalan, 
actinomycin D, f luorodeoxyuridine, AZT, cyclosporin A, and 
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methotrexate; th« last being particularly preferred. 

with respect to cyclosporin A, (Sandimmune-) intravenous 
administration of the pharmaceutical compound in treatment of organ 
7 5 IT I" OF is normally a, a 

hree T^lT-' ■ "~ * * ^ctor , 

three When administered using the delivery vehicles of the present 
invention, lover dosages may he expected to achieve comparable 
effects in viev of the targeted delivery of the drug ,„ lmmrit sysM 
cells responsible for the disease conditions. 

20 iT'TTl 1 " 3 SU =" SS£ " U ^ encapsulated in amounts of 

20-200 „g/mg Upid the concentration of vhicn vas then adjusted to 
Produce O.^M ^thotrBxate in a^eous U m ai^J for 
administration. ^ xor 

According to another aspect of the invention, there is provided 
a process for linking liposon.es to a hormone, having a biologica U y 
act lve cell receptor binding site. ^ologically 

Such a process comprises: 

a) fixing a coupling agent to liposomes and then reacting vith 

trie nnrmnn* a*. 


b) 


the hormone, or 

fixing a coupling agent to the hormone and reacting vith 
liposomes or, 


O fixing a first coupling agent to liposomes, fixing a second 
coupling agent to the hormone and then reacting the coupling 
moieties together, 

the alternative process c) being particularly preferred. 

It may also be desirable to introduce a linker arm having 4 to 6 

hindrance may be avoided. This linker arm may be attached to the 
iposome or the hormone, preferabiy to the liposome. In this case, 
he use of a single coupling agent is preferred for linking the 

linker arm. as fixed to the liposome or to the hormone, to the 
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remaining constituent. 

Coupling agent-bearing liposomes may be obtained by covalently 
attaching the coupling agent to phosphatidylethanolamine, preferably 
distearoyl phosphatidylethanolamine. The modified phospholipid is th 
used alone or in combination with other lipids and/or steroids for 
producing liposomes as above described. 

Coupling agents for covalent attachment to phospolipids are 
well-known in the art. Advantageously they are heterobifunctional 
agents such as succinimidyl-4-(p-maleimidophenyl)-butyrate (SHPB) or 
sulphur-containing succinimidyl compounds such as suceinimi- 
dyl-S-acetylthioacetate ( S ATA ) or N-hydroxysuccinimidyl-3-(2- 
pyridyldithio)-propionate (SPDP). Sulphur-containing succinimidyl 
compounds are preferred. SATA is particularly preferred. 

Coupling agents may also be fixed to a hormone by covalent 
linkage involving a functional group of the amino acid residues of 
the hormone. Advantageously, the binding occurs at a residue on the 
hormone which is selected from the group consisting of lysine, 
cysteine, histidine and arginine residues. The lysine residue is 
particularly preferred. 

Suitable coupling agents to be bound to hormones are 
heterobifunctional agents. Advantageously, they are selected from 
succinimidyl-S-acetylthioacetate (SATA) , 
succinimidyl-4-(p-maleimidophenyl)butyrate (SMPB), sulpho-SMPB, 
N-(4-carboxy-cyclohexyl-methyl) maleimide (SMCC), sulpho-SHCC, 
M-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) , sulpho-MBS, 
N-succiniraidyl (4-iodoacetyl) aminobenzoate (SIAB) and sulpho-SIAB. 
The most preferred coupling agent is SMPB. 

In one preferred embodiment, succinimidyl-S-acetylthioacetate- 
phosphatidylethanolamine is used to produce activated liposomes 
including SATA in the membrane which are then covalently bound to a 
SHPB-hormone conjugate, most preferably to SMPB-IL-2 conjugate. 


en 
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Before Unking a coupling agent to the horao „ e it 
desirable to pco[ect the reoeDtoc . bi „ dlng *t*y 

This may be conventionally achieved bv r an w«„ • , 

„„,•■. j ■ ' ! 11 ""loses a process for linking 

antibodies to liposomes vhich comprises random partial protecti"' . 
«, Wtiona! groups of lysine residues of the antibody" n 
citraconic anhyuride before linking the antibody to liposo.es. Once 

due :T 1S " hi °" dt 15 — "ollll 

1 i odv 1- " " atUre ° £ Pr0teCti °" <* P«-«M. 

antibody-liposome conjugates obtained by this method „„ich have 

conserved a fully effective antigen binding site is rather lot 

bindi^ T °™. £ °" nd e "" tive "-"ction of the 

binding sit. of the hormone is achieved by using a monoclonal 
-ibody <„Ab> specific for the binding site. According he 
invention further provides a process for coupling lipom a to a 
hormone vnich comprises r.v.rsibly protecting the binding si e of the 
hormone with an antibody specific for th. h (nJ - . 
of ,1,. >. »P«=«le tor the binding site. After linkage 

of the hormone to the liposomes, or in any event after performing Z 
action step that might otherwise result in interference vi h or 
ocking of the bincing sit e, the antibody is removed fro. the 
binding sit. to yie ld . sit . capabu o£ lacm 
appropriate cell receptors for the hormone. 

More particularly, the binding site of 11-2 vhich is located 
betveen amino acid residues 20-30 of th. ™l , . 
, „.K u. i_ e molecule may be protected bv 

a HAb which specifically recognizes this area. Such a MAb is 
commercially available from Genzyme Inc. under the reference DM-1. 
T us, for use in the present invention, the «Ab is coupled to , 
stationary phase e.g., a resin or a gel. Then 1U2 is applied to the 
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. MAb-con raining phase and is chemically modified e.g., vith SMPB in a 
molar ratio of from 5:1 to 50:1. A linker-modified IL-2 vhich has 
been protected vith a MAb specific to the binding site exhibits a 
substantially increased capacity to compete vith native IL-2 for 
binding to the IL-2 receptors as compared to linker-modified IL-2 
vhich has not been so protected. Thus, IL-2 coupled to SMPB after 
protection with a suitable MAb is approximately tvo-and-one-half 
times more effective in competing vith i»I-labeled IL-2 for murine 
HT2 T cell receptors than IL-2 coupled vith SMPB vithout such 
protection. 

Brief description of the draving s 

Figure 1 is a diagrammatic representation of the IL-2 molecule. 

Figure 2 shovs a method for protecting the receptor binding site 
of IL-2 in vhich PA refers to Protein A agarose, aIL-2 refers to the 
antibody to the receptor binding site of IL-2 and PAS IL-2 is the 
IL-2 bound to the resin. 

Figure 3 shovs a method for modifying IL-2 vith SMPB using IL-2 
in the form of PAS IL-2. 

Figure 4 shovs the reaction of phosphatidylethanolamine with SATA. 

Figure 5 shovs a method for generating a covalent bond betveen 
SMPB-modified IL-2 and SATA-modif led liposomes. 

Figure 6 shovs a method for obtaining an activated 
phosphatidylethanolamine in vhich the coupling moiety incorporates a 
4-6 carbon linker arm. 

Figure 7 shovs a process for partially protecting the cNH, group 
of lysine residues vith citraconic succinic anhydride before coupling 
to SATA. 
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Figure 8 shows a reaction for coupling phosphatidylcholine 
to camphoqumone-10-sulphonic acid. 

Example 1; Protection and modification of IL-2 

A procein-A agarose resin is reacCed vlth a HAb 
receptor binding site of IL-2 (available from Gen2yffie ^ 

ZlZZ DMS_1) by vashin * the resin vith PBS buffer * 

HAb to the resan crossli„ king the „ Ab to the resin in the presence 
of 12.K glutaraldehyde in PBS for 60 .in at 4«C and finally washing 
the resin again vith buffer. 

Then 50 ug of IL-2 in 100 ul buffer is applied to the resin 

SHPB added ,. IL-2 in the molar ratio of 25=1. SMPB specifically 
reacts v lt h the sNH, groups of lysi ne residues. The modified IL-2 is 
then eluted from the resin with 2 M NaSCN in 0.05M Tris, p„ 8 followed 
by a second elution treatment vith 6X betaine in 0.2N acetic acid, 


,hl T 11 reCePt ° r bi " di " e Sh0 " S th " the resulting SHPB is 

able t„ bl „ d to [he IL . 2 receptor o£ tacge£ ^ I ' 

K r ay ' "° di£ied IL " 2 iS * monoclonal , 

antibody to the receptor binding domain of IL _ 2 , as „ unno(Jifie<j 

IL-2 eluted from the column under the same conditions. 

In an alternative procedure, MBS <maiei„idoben 2 oyl-N-hydroxy 

Use of th.s reagent a!so yields MologicaUy active IL-2 when assayed 
in a receptor binding assay and in the anti-IL-2 ELISA. 

Example 2 = Synthesis of SAIA-DSPE (See Fig. 4) 

with 75 25 mro t V reSh SU « ini " 1 ^ 1 - S — ^'""acetate (SATA) is mixed 
bottom fl w d r tear ° ! ' 1 '*"'*" 1 «*«th™ 1 -in. (DSPE, in a round 

100-135 ul traethylamine. The flasK is then flushed wi th „ ltroeen and 
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.the reaction carried out for two hours at room temperature whilst 
stirring. 

The progress of the reaction is monitored by thin layer 
chromatography in CHCl,:MeOH (7:3). The absence of a ninhydrin 
positive spot and the presence of a phosphonolybdic acid positive 
spot having an Rf of 0.57 indicates the presence of SATA-DSPE. SATA- 
DSPE may also be partially oxidized to the disulphide form SATA-DSPE- 
SAIA-DSPE which has an Rf of about 0.37. 

The material obtained is then evaporated to dryness and 
resuspended in 1 ml CHCl 3 :MeOH (1:1). After addition of IS ml 
acetonitrile, the mixture is held at -20°C for about 60 min to 
selectively precipitate SATA-DSPE , the unreacted DSPE remaining in 
solution. The precipitate is collected by filtration on a sintered 
glass filter and vashed vith acetonitrile. The washed SATA-DSPE is 
again dissolved by addition of CHCl,:MeOH (1:1), collected in a 
second filter flask, transferred to another flask and evaporated. 

During the above described procedure all steps are conducted as 
quickly as possible to minimize oxidation. However, small quantities 
of oxidized SATA-DSPE in the preparation are removed by preparative 
thin layer chromatography on a Kieselgel 60 plate (EM Science). 
Aluminium backed silica gel (no fluorescent indicator) plates are 
used with CHCl,:MeOa (7:3) as the mobile phase. SATA-DSPE is located 
by iodine staining. The strips containing SATA-DSPE are cut out and 
extracted over a 30 minute period in CHCl,:MeOH (1:1). The SATA-DSPE 
is concentrated to dryness, dissolved in CHCl 3 :MeOH (1:1) and 
dispensed into vials. Each vial is flushed with nitrogen and stored 
at -20°C. 

Example 3a): Preparation of empty liposomes. 


Liposomes having the composition DSPC: cholesterol : SATA-DSPE in 
the molar ratio of 1.5:1:0.5 are prepared as follows: 
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10 mg of mixture of DSPc ^v,~i , 

■ ratio dissolved in t .^1 d"' SAIA - DSPE ab °- 

furt H« dtied und „ .zt^iz:: * tu " -« — - .. 

The lipid film i s dispersed in 1 „i ~« 

at 13,000 , g f oc 10 min to remove^ ^1™° th »" 
sonicator probe. P«tlclea „£ titanium from th. 

0.9 ml of th. SUV preparation (about 10 mg of Hold,, . t 
applied to a Sephacrvl S300 column t o remove t h « r « ^ t 

incorporated into liposomes). The column is first ' ' ' 

DSPCcholestero! (2 .„ SU Vs in P3S , i ^ ££™ ™ 


■ E ' ampU 3 of dru^contalnm, liposomes 

Example 3 a) is repeated except that the PBS buffer used to' 

~ ample ^ A "^ent of IL-2 to liposomes 

The modified SMPB-IL-2 of Examni^ i , 
through its maleimido covalently coupled 

Vith L maleioido *™P* to the SUVs of Example 3 a) or 3 b) 
with reference to Figure s , , ' * * 

to ngure 5, the coupling is achieved as follovs: 

dea SUVS C ° ntaininS SATA-DSPE are first activated by 

u o?;::: h r e SATA residue s ° that - — *^x«. 

-" ^.ofT 11 ! °' 5M hydrOXyla ° ine iS t. 1 ml of the 
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Then the pH of the SMPB-IL-2 preparation of Example 1 is 
adjusted to pH 6.5-7. A sample is then added to the deacetylated SUVs 
in the amount of 10-20 ug SMPB-IL-2 for 12 to 24 ug lipid. Incubation i< 
performed for 2 hrs at 22«C under arson. Then to block any unreacted 
-SH groups, NEM is added to give a final concentration of 20 mM. 

The pH of the vesicle-IL-2 suspension is adjusted to pH 9. A 
CM-Sepharose column (50 mM Tris, pH 9.0) was drained. The liposomes 
are applied to the column, the resin stirred, incubated 10 rain, and 
again drained. Aliquots (0.5 ml) of buffer are added and fractions 
collected. All turbid or opalescent fractions are pooled and assayed. 

The recovered SUV preparation contains SUVs which have 6 to 
5040 molecules of bound IL-2 per SUV (50 nm diameter). 

When Example 4 is repeated with the methotrexate-containing 
liposomes of Example 3 b) liposomes are obtained which have IL-2 
bound to the outer surface and which contain methotrexate. 

Example 5; Synthesis of an extended linker arm to alleviate steric 
hindrance 


A preferred route to the synthesis (Figure 6) of generally 
useful activated lipids is as follows: 

To a solution of distearoyl phosphatidylethanolamine (A) and 
succinimidyl-gamma-BOC-aminopentanoate (B) in chloroform-methanol, 
9:1, is added a slight excess of triethylamine. The solvent is 
evaporated and the B0C group removed with a solution of 
trifluoroacetic acid in dichloromethane. The reaction of SMPB (D) 
with the distearoyl phosphatidylethyl-gamma-amino-pentanamide (C), 
left as residue after the trifluoroacetic acid reaction, is performed 
using the same conditions as for the first coupling reaction. The 
distearoyl phosphatidylethyl-4-(p-maleimidophenyl~butyramide) 
pentanamide (E) is purified using silica gel chromatography. 


WO 89/1 1270 

PCT/EP89/00521 

- 14 - 


*f«r purgation, the activated lipid „ incocpocat , d ln(o 
liposomes whereby drug oc marker is entrapped ln ^ <° 

Th. lap , S o«e S are then ready for reaction with free protein 
sulfhydryls either presen , on the mmoi . tUi ^ ^ 

derivatives pre P ared as described below. 

For example, SATA may be used in lifting concentration. Thus 
to a solution of 1^ a t about pH 8 may be added a solution of six! 

Urn " r 0 ^' a °° Unt 04 S " b " lt ""°" be controlled b" 

siting the q uantity „ £ reagent. The sulfhydryl is then deblocked by 
the addition „ £ hydroxyzine and the M immediately cou P led to 
liposomes having the maleimido group „„ the surface. 

-BSEiLg. Modification of w at selected (limited) lysine residues 

The most abundant and available protein reaction sites are 
ysine sNH, groups, since some of the lysine residues are located at 
the eceptor binding site, any attempt to use the lysine residues for 
cou pU „g must comprise Xi.iting th , i yslne cesiduM vhich ° £ " 

undergo a reaction. y 

If the reactivity of th, critical lysine residues is much faster 
an or at leas, comparable to most of th. „ t her lysine residues hi 

TllT? " 7 " * «"*- essenti lly 

all but a few lysine residues are first derivati.ed vith a reversible 
blocking agent n si „g only en0(lgn „ agent ^ ^ J~ 

par iaTd b T "* " * 

partial deblocking, the remaining ly Sine rMidues ace (hen 

derivatized by using a large excess of a coupling agent, e.g. SAT.. 

To a solution of IL-2 in borate buffer at p D 8.8 is added cLaconic 

anhydr.de, maintaining the pH by addition o, ! „ sodium hydroxide 
The traconic acid groups cM b< cMove(i ^ pa ^ ^ ^ 

can be interrupted by again raising the P H. SATA is added in excess 

ealnV° " " PH 8 - 8 ' »U free amines. The excess 

reagent is removed by dialysis and the remaining ci traconic acid 


t 
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groups removed at pH 2. The solution is brought to neutral pH and 
sulfhydryl groups are formed by addition of hydroxylamine. SMPB 
liposomes are introduced and coupled to the protein. 

Example 7: Modification of IL-2 at arginine residues 

There are four arginines in interleukin-2, only one of which 
appears to be in a region that might affect binding. Thus, liposomes 
may be linked to IL-2 using an arginine specific reagent such as 
camphoquinone-10-sulphonic acid, as shown in Figure 8. 

The camphorsulphonyl chloride, prepared using thionyl chloride, 
is added to phosphatidyl thanolamine in the presence of pyridine. The 
camphorsulphonyl-phosphatidylethanolamine PE is then incorporated 
into liposomes and is reacted with IL-2 in borate buffer at pH 8.8. 
Vesicle-linked IL-2 is separated from unreacted protein on a Sephadex 
G-150 column. 

Example 8: Modification at histidine sites on the ligand 

J 

Histidine may be chemically modified via reagents such as 
bromoacetamide compounds. His-70 of IL-2 in particular, does not, 
affect binding activity. A heterobifunctional reagent based on 
bromoacetamide may be synthesized to give an attachment point for the 
liposome. Specifically, this is: 

o o o 

II II II 

Br^^^iVTH-^Hj-CHj-NH-C-CHj-S-C-CHa 


This compound is prepared by addition of bromoacetylbromide to 
ethylene diamine (1:1) followed by reaction of the remaining amine 
vith SATA. Reaction with IL-2 histidine in 1M acetate buffer pB 5.5 
produces, at the histidine imidazole group, the 3' -N-substituted SATA 
derivative. Addition of hydroxylamine deacetylates the SATA label to 
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give a free sulfhydryl group available for reaction vith SMPB 
liposomes. 

Example 9: Assays for monitoring recentor Mnj< 

liposome/IL-2 ? * Ct±Vity ° f the 

Anti-proliferation measurements were performed by moving cells 
Possess^ the high affinity interleukin-2 receptor for several days 


in 


a. 
b. 


d. 


culture media in the absence of any form of interleukin-2, 
culture media supplemented with an effective dose of free 
cytostatic agent, 

culture media supplemented vith a dose of the liposome/IL-2 
complex of Example 4, and 

culture media supplemented vith a dose of liposome/IL-2 
complex of Example 4 containing a cytostatic agent. 

After an appropriate treatment period determined in previous 
studies, the cells are pulse-labelled vith 3 H -thymidine. Pollovi ng a 
3-4 hour labelling period, ail cultures are then harvested on 
glass fiber filter strips and 3 H -thymidine incorporation measured as 
an mdex of cellular proliferation. The effectiveness of the 
1 P osome/IL-2 containing cytostatic agent complex is thus determined 
by comparxson to cells cultured in the absence of any form of the 
drug 1^ biodistribution Qf ^ liposooe/IL _ 2 eg 

ascertaaned using knovn techniques, vhich are described in 
Example 10. 

Example 10: Biodistribution studies 

r,H- A Tf rted PC ° CedUre f ° C assuring biodistribution employs the 
adxonucUde Indium-lU. The liposome-encapsulated Indium vill be in 
the form of one or tv 0 chelate complexes. For biodistribution studies 
-asuring the in_vivo fate of the liposome/IL-2 formulations, the 
chelating agent ethylenediamine tetraacetic acid (EDTA) i s preferably 
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. used; for total in vivo uptake by target cells ni trilotriacetic acid 
(NTA) is preferably used. 

In a conventional biodistribution study, SUVs of a given 
composition are prepared in the presence of chelating agent and 
Indium-Ill for passive encapsulation of indium, or the ionophore 
A23187 for subsequent active encapsulation of Indium-Ill into 
preformed liposomes. In either situation the liposomes are separated 
from unencapsulated materials by treatment vith additional EDTA, 
followed by column chromatography. 

Biodistribution measurements are conducted by injecting the 
study animals intravenously vith the 1 1 ^n-liposome/IL-Z complex. At 
several times after injection (for example at 1, 3, 6 and 24 hours), 
animals are sacrificed and tissues collected for gamma counting. 
Liposomes loaded with 1 1 1 In-EDTA may be used for initial 
biodistribution studies. This tightly bound chelate complex allows 
measurement of in vivo retention times for the liposomes. Experiments 
performed relating to the present invention have shown that 
1 "In-EDTA alone is rapidly cleared in vivo . Therefore, any recovered 
Indium-Ill activity may be interpreted as 111 In-liposome/IL-2. 

Uptake of liposome/IL-2 by lymphocytes in a test animal may be 
studied using the *"In-NTA complex. This relatively veak chelate 
complex has been shovn to maintain Indium-Ill in the aqueous 
compartment of liposomes, but quickly to release Indium-Ill once the 
chelate is in the proximity of protein or carbohydrate 
macroraolecules. Therefore, treatment of study animals vith 111 In-NTA- 
liposorae/IL-2 formulations provides a means for measuring cumulative 
uptake by lymphocytes. 

This may be accomplished by treating animals vith the llx In-NTA 
formulations. Test animals may be given single or multiple (2-3) 
injections of the lll In-NTA liposomes by either intravenous or 
intraperitoneal routes of administration. At various times after 
treatment, animals are sacrificed and lymphocytes isolated from, for 
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.example, blood, spleen, a „d peritoneum by centrifugation on Ficoll 
Stents. The isolated lymphocytes are then counted for IndWni 
in * g.«a counter. Biodistribution studies in healthy rats have 
shown that the -In-liposome/IL-2 complex of ExampU \ has 
circulation half-life, and does not attach to macrophages or 
unactivated T cells. 6 

l2^ivo biodistribution studies, in addition to directly 
measuring. liposo.. interaction vith T . lymphocy[eSj 
evaluate th. extent of uptake of the liposo.e/IL-2 formations b y 
«h. reticulo-endothelial syste. (RES) , particularly at liver, sp iL 
and ly„ph node sites. It is videly knovn that „ any types o£ SPl "" 
phospholipid v lcUs ace rap . dly taken ^ ^ avec 

thus re.ov ln g the. fro. blood. Large liposo.es and vesicles vith 
venous carbohydrate and protein groups attached are tvo particularly 
susceptlbXe types, therefore, the nature of the RES uptake is of 
..portance for the practice of the present invention. Suitab , doses 
may be established from such a test u ,<„ ff ~. ^ , 

n a cest "sing standard procedure. 

in order to avoid RES uptake of a non-specific nature and 
"volv.ng p ri „arily prophages, to th. extent this presents a 

nt ITI C ° U ;° S °*° n ™ h °<y« infraction for a given liposome/ 
mterleukin-2 , ovulation, RES blockage by prior treat.ent vith 
Uposo.es directed to RES sites .ay be e.ployed. Alternatively. 
add,t onal .education to the surface of liposome/ in terleukin-2 
formations, using ,„ c example a process si.ilar to opsonization to 
e hance lp oso.e interaction vith blood ly.phocytes by prolonging 
circulation ti.es .ay be ..ployed, stil! further. RES uptake can be 
.^.ised by loca! administration of the interUukin-2 li os, e 
preparaoon as a depot at the critical site, such as th. sit. of a 
graft or an organ that is undergoing autoi..une attack. 

Example 11: Activated T-cell specificity 

Efficacy of liposo.e/II.-2 preparations .ay be demonstrated using 


1 
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. animal models in which T-lymphocytes can be reproducibly activated. 
Tvo models that are readily available are the rat skin allograft 
model and the rat burn model (30* body surface). Using either model, 
groups of animals would receive either liposome/IL-2-containing the' 
immunosuppressive drug, or only liposorae/IL-2. Retention of the 
allograft as the animal undergoes a protocol of liposome/IL-2 
treatment is then measured. Those receiving liposome/IL-2 without the 
liposome-incorporated drug will readily reject the graft due to 
presence and cytolytic activity of activated T-cells in the area of 
the graft. Alternatively, liposome/IL-2 containing a drug of choice 
may also be used in the course of either the rat or mouse leukemia 
model. Tests have shown that the liposome/IL-2 complex of 
Example 4 is attracted to activated T cells in vitro . 

The present delivery vehicles may be used in a variety of 
therapeutic contexts, including mammalian disease therapy and in vivo 
diagnosis, and biodistribution studies have shown significant 
advantages. When practiced using small unilamellar liposomes, which 
have been shown both to be useful in targeting solid tumors and to 
have greater circulation times than other vehicles, the present 
delivery vehicles may be used to deliver medicinal agents or 
diagnostic markers (as for example radioactive labels, fluorescent 
molecules and NMR-imaging agents such as magnetite) to neoplastic 
cells or particular organs of the body such as the liver. As 
contemplated herein, where the cell population of interest is 
characterized by a cellular receptor such as the interleukin-2 
receptor, the present delivery vehicles may be utilized to deliver 
cytotoxic, regulatory, diagnostic or other molecules in a targeted 
manner. Thus, in the case of the liposome/IL-2 delivery vehicle of 
the present invention, active agents may be delivered to lymphocytes 
so as to treat, regulate or diagnose conditions involving malfunction 
of the immune system (including genetic or non-genetic autoimmune 
diseases such as rheumatoid arthritis, juvenile onset diabetes, 
systemic lupus erythematosus and others, as well as transplantation 
responses such as graf t-versus-host disease), lymphocyte-related 
cancers (including lymphomas and leukemias such as adult or chronic 
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myelogenous leukemias and hairy-cell leukemia) and helper T-cell 
disorders (including viral disorders such as those associated vith 

HIV-infected T-cells). 
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Claims: - 

1. Liposomes which are coupled to a hormone having a 
biologically active cell receptor binding site. 

2 Liposomes according to claim 1 i n vhich the hormone 
cytokine, 

3. Liposomes according to claim 2 in vhich the cytokine is 
mterleukin-2 (IL-2). 

A. Liposomes according to any one of claims 1 to 3 vhich 
encapsulate at least one cytotoxic drug. 

5 Liposomes according to any one of claims 1 to A the membrane 
of vhich comprises phosphatidylethanolamine. 

6. Liposomes according to any one of claims 1 to 5 vhich are 
cou Pled t0 tne hormone by a coupl . ng compr . s . ng a sata 

SHPB ZT T d T " SidUe b6ing link6d " lipOSOn " - «1- 

SMPB residue being linked to the hormone. 

7. Liposomes according to any one of claims 1 to 5 vhich are 
coupled to the hormone by a coupling moiety comprising a 4 to 6 
carbon linker arm. 

8. Liposomes according to any one of claims 1 to 7 vhich are 
small unilamellar vesicles. 

9. Liposomes according to any one of claim 1 to 8 vhich are 
coupled to the hormone at an amino acid residue on the hormone vhich 
is not located at the receptor binding site and vhich is selected 
from lysine, cysteine, arginine and histidine residues. 

10. A process for coupling liposomes to a hormone having a 
biologically active receptor binding site vhich comprises either 
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b) 
c) 


a) fixing a coupling agent to liposomes and then reacting vith 
the hormone, or 

fixing a coupling agent to the hormone and reacting vith 

liposomes or, 

fixing a first coupling agent to liposomes, fixing a second 
coupling agent to the hormone and then reacting the coupling 
moieties together. 

11. A process according to claim 10 vhich comprises fixing to 
the liposomes a coupling agent vhich is selected from 

succinimidyl-4-(p- m aleimidophenyl)-butyrate (SMPB), and sulphur- 
containing succinimidyl compounds. 


succ 


12. A process according to claim 11 vhich comprises fixing 
inimidyl-S-acetylthioacetate (SATA) to liposomes. 

13. A process according to claim 10 vhich comprises fixing to 
the hormone a coupling agent vhich is selected from 
succinimidyl-4-( P -maleimidophenyl)butyrate (SMPB) , sulpho-SMPB 
N-(4-carboxy-cyclohexyl- m ethyl) maleimide (SHCC), sulpho-SMCC, ' 
M-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS), sulpho-MBS 
N-succinimidyl (4-iodoacetyl) aminobenzoate (SIAB) and sulpho-SIAB. 

U. A process according to claim 13 vhich comprises fixing 
succinimidyl-4-( P - ma leimidophenyl)-but y rate (SMPB) to the hormone. 

15. A process according to claim 10 vhich comprises fixing SATA 
to liposomes, fixing SMPB to the hormone and then reacting the 
coupling moieties together. 

16. A process according to any one of claims 10 to 15 in vhich 
the cell receptor binding site of the hormone is reversibly protected 
before fixing the coupling agent. 
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17. A process according to claim 16 in vhich the cell receptor 
binding sice of the hormone is protected by a monoclonal antibody 
vhich binds to the cell receptor binding site. 
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AMENDED CLAIMS 
[received by the International Bureau on 2 November 1989 (02.1 1.89) 
original claim 1 amended ; other claims unchanged ( 1 page)] 

1. Liposomes which are covalentlv eoim i^ «- u 

. . ,, "vaxencxy coupled to a hormone having a 

biologically active cell receptor binding site . 

2. Liposomes according to claim 1 i„ which the normone 
cytokine. 

in, J ' ^ ip ^° meS -wording to claim 2 in which the cytokine is 
interleukin-2 (IL-2). 

4. Liposomes according to any one of claims 1 to 3 which 
encapsulate at least one cytotoxic drug. 

of whL LiP T eS T° rding t0 ^ ° f ClalmS 1 t0 4 the — b»- 
of which comprises phosphatidylethanolamine. 

6 Liposomes according to any one of claims 1 to 5 which are 

IZirJl ?r° ne ^ a C ° UPling m ° iety COmPCiSi ^ * SATA and a 

SHPB res d H T reSidU€ b6ing Unk6d t0 thS lip — - -I- 
SMPB residue being linked to the hormone. 

7 Liposomes according to any one of claims 1 to 5 which are 
coupled to the hormone oy a c„„ pl i„ g „ oiety comprising a 4 to o 
carbon linker arm. 

small"' ?T aCC ° rdinit " °° e ° £ Clai ° S 1 " 7 «• 
small unilamellar vesicles. 

9 Liposomes according to any one of claim 1 to 8 which are 

n: v° th : hor ° one at ™ - *• — 

rom Iv " CeMPtOC bindinS Sl " a " d selected 

from ly„ n ., cysteine, arginine and histidine residues. 

10. A process for coupling liposomes to a hormone having a 
bxolog.cally active receptor binding site which comprises either 


WO 89/11270 


PCT/EP89/00521 



SUBSTITUTE SH'ZET 


2/8 


PCT/EP89/00S21 



SUBSTITUTE SHEET 



SUBSTITUTE SKEEX 


4/8 


PCT/EP89/00521 



SUBSTITUTE SHEET 


5/8 


PCT/EP89/00521 


FIGURE 5 



substitute: sheet 


WO 89/1 1270 



PCT/EP89/00521 


Figure 6 
0 



SUBSTITUTE SHEET 



SUBSTITUTE SHEET 




SUBSTITUTE SHEET 


♦ 


INTERNATIONAL SEARCH PEPORT 

International Application No 


PCT/EP 89/00521 


I. CLASSIFICATIOK OF SU.JCCT MATTER (if ..,.„, c,...T.c,,„« . ym . „. .„„„, indieal . ~ 
Accord.no (o im.rn.tion.l P.ttnt CUi.«iclion (IPC) or ,o both N.tion.l CU...T.CU00 tnd IPC 

IPC 4 : * A 61 K 9/50 . 


Minimum Documentation Searched » 


Classification Syetem | 


Classlficstion Symbols 


IPC 


A 61 K 


Documentation Searched other than Minimum Documentation 
to tho Extant that luch Ooeumanis ara Incfudad In tha Fields Searched • 


111. DOCUMENTS CONSIDERED TO »g Ft f LEV A NT * 

I Category * I 


X 


Citation of Oocument. " with Indication, where appropriate, of the relevant oassagea <« 


Relevant to Claim No. " 


FR, A, 2564319 ( INSTITUT NATIONAL DE LA 
SANTE ET DE LA RECHERCHE MEDIC ALE 
et al.) 22 November 1985 
see page 1, line 1 - page 3, line 27; 
claims 1-5 

The Journal of Immunology, volume 13 8, 
no. 12 , 15 June 1987, The American 
Association of Immunologists , (US), 
O. Bakouche et al. : "Liposomes ex- 
pressing IL 1 biological activity" , 
pages 4256-4262 

see page 4256, column 1, paragraph 1; 
page 4257, column 1, paragraph: 
"Preparation of lyophilized 
liposomes" 

GB, A, 2157172 ( SANDOZ LTD) 
23 October 1985 

WO, A, 86/04232 ( COOPER- LI POTECH) 
31 July 1986 


1,2 


• Special categoriee of cited documents: »• 

"A* document defining the general state of tho art which Is not 
coneidered to bo of particular relevance 

5?. Hi#r dement but published on or after the International 
filing date 

documant which may threw doubts on priority elalm(e) or 
which is cited to establish the publication date of another 
citation or other specie I reason (as specified) 

"O* documant referring to an oral disclosure, use, exhibition or 
other means 

m P m document published prior to tho International filing dote but 
latar than the priority date claimed 


T document published after the International filing data 
or priority date and not in conflict with the application but 
lnvention Und * rmt " nd pr ' ncipu or theory underlying the 

•X* documant of particular relevance: tho claimed Invention 
cannot bo considered novel or cannot bo con aid a red to 
Involve sn Inventive stsp 

"V document of psrticufar relevance;' tho claimed Invention 
cannot be coneidered to Involve an Inventive etso when the 
document ia comotned with one or more other such docu- 
ments, sucn comomation being obvious to a paraon skilled 
in tne ore. 

"4" document member of tho some patent family 


IV. CERTIFICATION 


Data of tho Actual Completion of the International Search 

10th August 1989 


Date of Mailing of this International Saareh Report 

0 5. 09. 89 


International Searching Authority 

EUROPEAN PATENT OFFICE 
Form PCT/ISA/210 (second sheet) (January 19*6) 



^Nl^rO THE INTER. NATIONAL SEARCH RFPOdt 
ON INTERNATIONAL PATENT APPUCA^.ON NO." Ep 89005a 

SA 28546 


report. 


Patent document 
cited in search report 


FR-A- 2564319 


Publication 
date 


Patent family 
memberfs) 


Publication 
date 


GB-A- 2157172 


22- 11-85 

23- 10-85 


EP-A- 
WO-A- 


0181902 
8505453 


28-05-86 
05-12-85 


AU-A- 
BE-A- 
CH-B- 
DE-A- 
FR-A- 
JP-A- 
LU-A- 
NL-A- 
SE-A- 


4094685 
902089 
668554 
3512926 
2562421 
60243022 
85839 
8501010 
8501709 


17-10-85 

02- 10-85 
13-01-89 
24-10-85 
11-10-85 

03- 12-85 
16-12-85 
01-11-85 
10-10-85 


W0-A- 8604232 


31-07-86 


US-A- 
EP-A- 


4762915 
0211042 


09-08-88 
25-02-87 


For more dc.aifc about « his annex : ^ omcia. Journal of the ^ ^ ^ 


